Reduction of residual albuminuria during single-agent renin-angiotensin-aldosterone blockade is accompanied by improved cardiorenal outcomes in CKD. We studied the individual and combined effects of the vitamin D receptor activator paricalcitol (PARI) and dietary sodium restriction on residual albuminuria in CKD. In a multicenter, randomized, placebo (PLAC)-controlled, crossover trial, 45 patients with nondiabetic CKD stages 1-3 and albuminuria .300 mg/24 h despite ramipril at 10 mg/d and BP,140/90 mmHg were treated for four 8-week periods with PARI (2 mg/d) or PLAC, each combined with a low-sodium (LS) or regular sodium (RS) diet. We analyzed the treatment effect by linear mixed effect models for repeated measurements. In the intentionto-treat analysis, albuminuria (geometric mean) was 1060 (95% confidence interval, 778 to 1443) mg/24 h during RS + PLAC and 990 (95% confidence interval, 755 to 1299) mg/24 h during RS + PARI (P=0.20 versus RS + PLAC). LS + PLAC reduced albuminuria to 717 (95% confidence interval, 512 to 1005) mg/24 h (P,0.001 versus RS + PLAC), and LS + PARI reduced albuminuria to 683 (95% confidence interval, 502 to 929) mg/24 h (P,0.001 versus RS + PLAC). The reduction by PARI beyond the effect of LS was nonsignificant (P=0.60). In the per-protocol analysis restricted to participants with $95% compliance with study medication, PARI did provide further albuminuria reduction (P=0.04 LS + PARI versus LS + PLAC). Dietary adherence was good as reflected by urinary excretion of 174664 mmol Na + per day in the combined RS groups and 108661 mmol Na + per day in the LS groups (P,0.001). In conclusion, moderate dietary sodium restriction substantially reduced residual albuminuria during fixed dose angiotensin-converting enzyme inhibition. The additional effect of PARI was small and nonsignificant.
persisting despite optimally dosed RAAS blockade, is strongly associated with adverse long-term renal and cardiovascular outcomes 6, 7 and therefore, considered a target for additional intervention.
Dietary sodium restriction potentiates the albuminuria-lowering efficacy of RAAS blockade in nondiabetic and diabetic patients with CKD, [8] [9] [10] which has been associated with improved long-term cardiorenal protection. 11, 12 In addition, vitamin D receptor activator (VDRA) therapy may lower residual albuminuria as suggested by preclinical studies 13, 14 and several small-to medium-scale randomized, controlled trials in patients with CKD. 15, 16 The renoprotective effect of VDRA therapy may at least in part be mediated by a direct inhibitory effect on the RAAS. 17, 18 Given the consistent finding that dietary sodium restriction potentiates the albuminurialowering efficacy of conventional RAAS blockade including angiotensin-converting enzyme inhibition (ACEi) 9 and angiotensin receptor blockade, 8 it seems plausible that sodium restriction would also potentiate the capacity of VDRA treatment to lower residual albuminuria. In line with this assumption, we recently found that dietary sodium restriction potentiates the antiproteinuric and renoprotective efficacy of VDRA treatment in a rat model of proteinuric nephropathy 19 and that sodium intake modulates the inverse association between plasma vitamin D levels and the risk of developing increased albuminuria in the general population. 20 At variance, however, a post hoc analysis of the VITamin D receptor activator for Albuminuria Lowering (VITAL) trial 16 as well as an observational study in nondiabetic CKD 21 suggested that patients with albuminuria and higher baseline dietary sodium intake had a stronger antiproteinuric response to VDRA treatment than those with lower baseline sodium intake.
In the Vitamin D Receptor activator and sodium restriction for Treatment of Urinary albumin Excretion in chronic kidney disease (ViRTUE-CKD) trial, therefore, we prospectively studied the separate and combined albuminuria-lowering effects of the VDRA paricalcitol and dietary sodium restriction during fixed dose RAAS blockade, the current standard treatment, in nondiabetic patients with CKD. The trial compares residual albuminuria during four subsequent study periods in random order: paricalcitol or placebo combined with either dietary sodium restriction (target 50 mmol Na + per day) or a regular sodium (RS) diet (target 200 mmol Na + per day) all during fixed dose ACEi.
RESULTS

Study Population
Of 212 eligible patients, 68 patients gave written informed consent and were subsequently enrolled in the run-in period, in which BP was targeted to ,140/90 mmHg using a standardized regimen (Figure 1 ). During the run-in period, 23 patients discontinued the study. Of the 45 patients subsequently randomized, three patients were excluded during the study after completion of at least one study period. Supplemental Table 1 shows the baseline characteristics of the 45 study participants after randomization according to the sequence of the study periods. All patients received background ACEi in a fixed dose throughout the study (ramipril at 10 mg/d).
Primary Efficacy Analyses
During RS diet combined with placebo treatment, residual albuminuria was 1060 (95% confidence interval [95% CI], 778 to 1443) mg/24 h (Figure 2 ). In the intention-to-treat analysis, paricalcitol provided a weak and nonsignificant albuminuria reduction to 990 (95% CI, 755 to 1299) mg/24 h (212.5%; 95% CI, 226.0% to 26.3% versus RS + placebo; P=0.20) (Figure 3 ). During a low-sodium (LS) diet combined with placebo treatment, albuminuria was reduced to 717 (95% CI, 512 to 1005) mg/24 h (225.4%; 95% CI, 252.6% to 22.3% versus RS + placebo; P,0.001). The strongest albuminuria reduction was reached by LS + paricalcitol: 683; 95% CI, 502 to 929 mg/24 h (231.7%; 95% CI, 255.0% to 20.9%; P,0.001 versus RS + placebo). Paricalcitol did not reduce albuminuria further than the effect of the LS diet in itself (P=0.60). Adjustment for BP did not change the results. Results were similar for the urinary albumin-to-creatinine ratio (Table 1) . Linear mixed effect model analysis indicated no carryover effects (center P=0.70, treatment P,0.001, sequence P=0.90, and treatment 3 sequence P=0.40). Linear mixed effect model analysis also indicated no interaction between the two interventions (center P=0.60, period P=0. 30 
Adverse Effects
Nine patients developed hypercalcemia during a paricalcitol treatment period, and in five of these patients, hypercalcemia was also present during a placebo treatment period. From these five patients, two developed hypercalcemia during a placebo treatment period before having received paricalcitol treatment, and the other three had at least one normal calcium measurement between hypercalcemia during a paricalcitol treatment period and hypercalcemia during a placebo treatment. There was no persisting hypercalcemia when paricalcitol was Figure 2 . Effects of sodium restriction and paricalcitol on albuminuria in the intentionto-treat analysis. Albuminuria during RS diet or dietary sodium restriction in combination with paricalcitol (2 mg/d) or placebo. Data are shown as geometric mean (95% CI). P value shows treatment effect by linear mixed modeling with center, treatment, sequence, and the interaction treatment 3 sequence as fixed factors.
ceased. Hypercalcemia during a safety control visit led to a dose reduction in five patients: two during RS + paricalcitol and three during LS + paricalcitol. Severe orthostatic complaints required tapering of antihypertensive medication in one patient during LS + paricalcitol. Mild orthostatic complaints, not necessitating drug withdrawal, occurred in two patients on RS + placebo, one patient on paricalcitol + RS, 10 patients on LS + placebo, and four patients on LS + paricalcitol. These and all other reported adverse effects possibly or probably related to treatment are listed in Supplemental Table 2 .
Compliance
We assessed compliance with the diet by 24-hour urinary sodium excretion and compliance with study medication by counting returned capsules. Mean urinary sodium excretion was 174664 mmol Na + per day (approximately 4000 mg Na + per day or 10 g NaCl per day) during the two study periods on the RS diet and 108661 mmol Na + per day (approximately 2500 mg Na + per day or 6.2 g NaCl per day; P,0.001 versus RS diet) during the two LS periods. Compliance with the pharmacologic intervention was similar among the four treatment periods (Table 1) .
Per-Protocol Analyses
The primary end point was reanalyzed in participants with $95% compliance with the study medication assessed per study period. For each study period, data from 31 to 34 participants were available for this analysis. Compliance of the excluded participants during the excluded study periods was 88%6 7% and unknown for five patients (during 10 study periods). Supplemental Table 3 shows the main clinical parameters during the four treatment periods of participants in the per-protocol analysis. Here, estimated albuminuria was 1177 (95% CI, 823 to 1682) mg/24 h during RS + placebo. During RS diet, paricalcitol provided a nonsignificant albuminuria reduction to 1082 (95% CI, 772 to 1516) mg/24 h (218.0%; 95% CI, 227.0% to 29.1%; P=0.30 versus RS + placebo). In contrast, dietary sodium restriction in itself reduced albuminuria to 804 (95% CI, 564 to 1146) mg/24 h (235.1%; 95% CI, 253.9% to 26.8%; P,0.001 versus RS + placebo), and the combination of paricalcitol and dietary sodium restriction further reduced albuminuria to 690 (95% CI, 480 to 993) mg/24 h (242.0%; 95% CI, 259.6% to 25.9%; P=0.04 versus RS + placebo). In this analysis, paricalcitol significantly reduced albuminuria beyond the effect of sodium restriction (P=0.04 LS + paricalcitol versus LS + placebo). Similar results were observed when considering the urinary albumin-to-creatinine ratio (Supplemental Table 3 ). There was no interaction between the two interventions on the primary end point (center P=0.80, period P=0.20, sequence P=0.90, medication P=0.03, diet P,0.001, and medication 3 diet P=0.30).
During RS diet but not during sodium restriction, paricalcitol treatment resulted in a small but significant reduction in MAP (P=0.05) (Supplemental Table 3 ). Additional adjustment for urinary sodium excretion did not materially influence the results on residual albuminuria, but the effect of paricalcitol during RS intake on MAP was no longer significant (P=0.07).
DISCUSSION
The main aim of this trial was to prospectively study the separate and combined effects of paricalcitol and dietary sodium restriction to lower residual albuminuria during fixed dose single-agent RAAS blockade in nondiabetic patients with CKD. Moderate dietary sodium restriction substantially reduced residual albuminuria, whereas the effect of paricalcitol was nonsignificant. There was no interaction between the dietary sodium intake and paricalcitol on albuminuria reduction. Our prospective data did not confirm the previously raised suggestion that albuminuria reduction by paricalcitol is optimal during high-sodium intake. 16, 21 The capacity of paricalcitol to reduce albuminuria or proteinuria has been suggested in several clinical studies in different CKD populations, predominantly albeit not exclusively in patients with diabetes. 16, [21] [22] [23] [24] [25] [26] Two previously published reports on the basis of post hoc analyses from clinical studies suggested that paricalcitol provides stronger albuminuria reduction in patients with higher baseline sodium intake. 16, 21 This was interpreted as related to suboptimal RAAS blockade efficacy during high-sodium intake, 21 and consequently, paricalcitol was suggested to be a suitable add on to RAAS blockade for patients on high-sodium intake. 16 Our prospective intervention is at variance with the latter suggestion.
Our results are consistent with several clinical studies showing that sodium intake potentiates RAAS blockade [8] [9] [10] 27, 28 as well as recent data from a prospective study in a rat model of proteinuric nephropathy. 19 In this study, combined treatment with paricalcitol and an ACEi reduced proteinuria, renal interstitial inflammation, glomulerosclerosis, and interstitial prefibrotic changes during LS but not during high-sodium intake. 19 Dietary sodium restriction reduced residual albuminuria and BP during single-agent RAAS blockade, in line with previous studies. [8] [9] [10] Paricalcitol in itself provided only a mild further reduction of residual albuminuria beyond dietary Data are presented as mean6SD or geometric mean [95% CI] for normally or skewed distributed data, respectively. P value shows treatment effect by linear mixed modeling with center, treatment, sequence, and the interaction treatment 3 sequence as fixed factors.
sodium restriction, in contrast with prior findings with hydrochlorothiazide, which further reduced residual proteinuria beyond the effect of sodium restriction and angiotensin receptor blockade in a previous study. 8 The effect of paricalcitol added to sodium restriction was stronger and reached statistical significance in a per-protocol analysis restricted to patients with .95% compliance with study medication. A possible explanation for the relatively small effect of paricalcitol on albuminuria during ACEi and sodium restriction could be the substantially lower albuminuria elicited by sodium restriction in itself. Residual proteinuria during sodium restriction was relatively low compared with that in other trials in nondiabetic patients with CKD treated with paricalcitol, 21, 24 suggesting that the efficacy of ACEi combined with LS diet may have diluted the residual treatment effect of paricalcitol. Furthermore, it should also be taken into consideration that our study had a run-in period to optimize RAAS blockade and antihypertensive treatment, because we were interested in the effect of add-on paricalcitol on residual albuminuria during optimal treatment. The albuminuria-lowering effect of paricalcitol was not influenced by the baseline 25(OH)D level; therefore, preexistent vitamin D status is unlikely to explain the nonsignificant effect of paricalcitol. The renoprotective effects of moderate sodium restriction during single RAAS blockade, lowering albuminuria and BP, are likely multifactorial. The capacity of sodium restriction to reduce residual albuminuria is probably mediated by not only BP 8 but additionally, anti-inflammatory and antifibrotic pathways [29] [30] [31] and local tissue RAAS activity in kidney, vasculature, and brain. 32 Experimental studies have shown that VDRA treatment exerts direct protective effects on podocytes, 33 negatively regulates the RAAS by suppressing renin production, 17, 34, 35 and has anti-inflammatory and antifibrotic effects. 13, 36, 37 These effects could either alone or most likely, in combination explain the antialbuminuric effect of VDRA in addition to RAAS blockade, which was also supported by our recent preclinical data showing renal tissue protection during ACEi, paricalcitol, and dietary sodium restriction in experimental proteinuric nephropathy. 19 In our trial in nondiabetic patients with CKD, the intention-to-treat analysis showed no additional albuminuria-lowering effect of paricalcitol on top of the dietary sodium restriction. Our results are in line with recent studies in nondiabetic CKD, 25, 38, 39 where the antialbuminuric effect of paricalcitol was less than expected on the basis of studies in diabetic CKD or even absent. In the absence of head-to-head comparisons between diabetic and nondiabetic CKD, however, it remains unclear whether there is a consistent difference in responsiveness to paricalcitol between patients who are diabetic and patients who are not diabetic. The absence of an antihypertensive effect of paricalcitol is in accordance with a recent meta-analysis showing that neither paricalcitol nor other vitamin D analogs are effective in lowering BP. 40 Both sodium restriction and paricalcitol were well tolerated. The most common adverse effects were mildly symptomatic hypotension (sodium restriction) and hypercalcemia (paricalcitol). Creatinine clearance was significantly reduced by the dietary sodium restriction. This decline was reversible and therefore, probably reflects a reduction of glomerular pressure. It has been shown that a reduction in renal function during initiation of RAAS blockade predicts a slower rate of long-term renal function decline. 41, 42 These data suggest that the initial fall in renal function in response to antihypertensive therapy reflects renal protection, but whether this is also true for the effect of dietary sodium restriction on top of RAAS blockade has not been established. Paricalcitol also increased serum creatinine and (consequently) decreased creatininebased eGFR, and creatinine clearance was not influenced by paricalcitol treatment on either sodium intake. An increase in serum creatinine without altering the true GFR has been reported previously for paricalcitol 43 and may be related to an effect on muscle metabolism.
Whether the combination of paricalcitol and dietary sodium restriction translates into beneficial long-term outcomes remains to be addressed, but caution is warranted in extrapolation from antialbuminuric effects only, because potential beneficial effects of the lower albuminuria could be counterbalanced by unfavorable effects of the rise in serum phosphate and the phosphate-regulating hormone FGF-23 triggered by paricalcitol. 44 To investigate the overall effect of VDRA treatment combined with moderate sodium restriction on long-term clinical outcomes in CKD, a large randomized, controlled clinical trial would be needed.
A limitation of our study is the limited exposure time to paricalcitol, precluding conclusions on the effect of paricalcitol and dietary sodium restriction on long-term clinical outcomes. The length of treatment periods was on the basis of previous studies with paricalcitol showing maximum albuminuria reduction at 4-6 weeks after treatment initiation. 16, 23 No washout periods were included in the study design; the 8-week period was long enough to minimize potential carryover. Furthermore, the sample size is relatively small, which increases the chance of a false negative finding; however, the crossover design increased statistical power, because subjects served as their own internal control, and the within-patient variability is smaller than the variability between patients. Also, our study was performed in a selection of highly motivated patients under well controlled and intensive treatment, limiting the external validity of our findings. Because we aimed to study the effect of sodium restriction in a clinically relevant setup, we applied sodium intervention by dietary counseling rather than in a blinded design with add-on placebo or sodium supplement. Lastly, BP was evaluated during outpatient clinic visits for 15 minutes by an automatic device and was not evaluated by 24-hour ambulatory BP monitoring. However, major strengths of our study include the crossover design with participants serving as their own internal controls, the documentation of sodium intake by 24-hour urinary excretion, and the prospective intervention design to investigate the influence of sodium intake on the renoprotective efficacy of add-on paricalcitol.
In conclusion, moderate dietary sodium restriction strongly and significantly reduced residual albuminuria during singleagent RAAS blockade. Furthermore, paricalcitol had a small, nonsignificant effect on reducing residual albuminuria in nondiabetic patients with CKD. In this prospective study, we did not confirm that albuminuria reduction by paricalcitol is optimal during high-sodium intake; oppositely, there was a trend toward optimal albuminuria reduction of paricalcitol during sodium restriction. The capacity of moderate sodium restriction to potentiate the antiproteinuric effect of conventional RAAS blockade has been associated with cardiorenal protection in both diabetic 12 and nondiabetic 11 CKD. Future studies should address whether the combination of paricalcitol and dietary sodium restriction may further enhance cardiorenal protection in addition to conventional RAAS blockade.
CONCISE METHODS
Study Design
We performed an investigator-initiated, multicenter, randomized, double-blind, placebo-controlled, crossover trial in five Dutch hospitals. Patients were included between January of 2012 and May of 2014. Inclusion was concluded on reaching the predefined sample size (see below); the last follow-up visit of the last patient took place in March of 2015. The study was conducted according to the principles of the Declaration of Helsinki; the study protocol has been approved by the Medical Ethical Committee of the University Medical Centre Groningen (METc 2009.272) and registered in the Dutch Clinical Trial Register (NTR2898). The rationale and study protocol of the ViRTUE-CKD Trial have been published previously. 45 
Participants
We recruited nondiabetic patients with stages 1-3 CKD (creatinine clearance .30 ml/min) and residual albuminuria. Inclusion criteria were residual albuminuria .300 mg/d despite single-agent RAAS blockade, stable renal function (,6-ml/min decline in the previous year) with a creatinine clearance .30 ml/min, PTH values ,1.5 times the upper limit of normal, serum calcium (adjusted for serum albumin) between 2.0 and 2.6 mmol/L, serum phosphate #1.5 mmol/L, and age over 18 years old. Exclusion criteria were diabetes mellitus, uncontrolled hypertension, hyperkalemia (potassium .6.0 mmol/L), a cardiovascular event in the previous 6 months, heart failure New York Heart Association class III-IV, epilepsy, liver disease, active malignancy, a bowel disorder resulting in fat malabsorption, treatment with vitamin D analog in the previous 3 months, regular use (more than two doses per week) of nonsteroidal anti-inflammatory drugs, use of immunosuppressive treatment, digoxin or psychiatric medication, drug or alcohol abuse, incompliance with the study diet or study medication, pregnancy, or breastfeeding.
Study Design
Detailed information regarding the study protocol has been published previously. 45 During a run-in period, patients received standardized RAAS blockade (10 mg ramipril per day). Existing treatment with other RAAS-blocking agents and diuretics (except for furosemide) was discontinued. If the target BP of ,140/90 mmHg was not reached within 6 weeks after the initiation of ramipril, additional antihypertensive therapy (metoprolol, doxazosin, and/or amlodipine) was added to the treatment regimen with 4-week intervals. When the target BP was reached, patients were allowed to enter the study protocol. After a maximum wash-in/washout period of 18 weeks, patients with a BP value ,180/100 mmHg were able to enroll in the study, whereas patients with a BP.180/100 mmHg were not included in the study. 45 Patients were subjected to four subsequent treatment periods of 8 weeks each. These study periods consisted of (1) (4) placebo combined with dietary sodium restriction. To prevent systematic errors resulting from the crossover design, the order of the treatment periods was randomized (1:1:1:1) for each patient. Four different treatment sequences were defined. 45 The study medication (paricalcitol or placebo) was provided by AbbVie. Placebo capsules had a similar appearance, smell, and taste compared with paricalcitol capsules. Computer-generated randomization was performed by AbbVie. The investigators (C.A.K. and G.F.v.B.) enrolled participants. Patients received study medication containers labeled with a unique number representing the randomly allocated sequence, whereby all participants and involved investigators and care providers remained blinded to the study medication type (paricalcitol or placebo) throughout the entire study. Assignment of the treatment order was not disclosed until the study database was locked. The dietary intervention was open label. At the start of the first dietary sodium restriction study period, patients received personal dietary advice from a dietician. Sodium restriction was achieved by replacing sodium-rich products with an LS product of the same product group, aiming for isocaloric intake with a similar balance among protein, carbohydrate, and fat. Compliance with the sodium diet was monitored by measuring 24-hour urinary sodium excretion every 4 weeks, and patients were counseled to use this information.
At the start of the run-in period, medication use of the participants was verified. Use of (self-initiated) vitamin supplementation was specifically inquired. Any form of vitamin D supplementation was discontinued. Participants were instructed not to use supplemental vitamin D (calciferol) and report all changes in prescribed and selfinitiated medication use during the entire study.
Four weeks after the start of each treatment period, serum albumin, calcium, and PTH were measured for a safety analysis. In case of hypercalcemia (corrected serum calcium .2.60 mmol/L) or hypoparathyroidism (PTH,1.5 pmol/L), the dose of the study medication (paricalcitol or placebo) was reduced from two capsules to one capsule per day for the remaining study period(s). All patient-reported or observed adverse effects were recorded.
Primary and Secondary End Points
The primary end point of our study was albuminuria measured in a 24-hour urine sample collected at the end of each study period.
Secondary study end points were BP, creatinine clearance, eGFR, urinary sodium excretion, and plasma renin concentration measured at the end of each study period.
Measurements
At the end of each 8-week treatment period, patients collected 24-hour urine samples, BP was measured, and a blood sample was taken after overnight fasting. Albuminuria was measured using a turbidimetric assay using benzethonium chloride (Modular; Roche Diagnostics, Mannheim, Germany). BP was evaluated during every outpatient clinic visit under constant conditions at 1-minute intervals for 15 minutes by an automatic device (Dinamap; DE Medical Systems, Milwaukee, WI) with the patient in a semisupine position. The mean of three readings was used for further analysis. 45 Blood electrolytes, lipids, proteins, and urinary electrolytes were determined by using an automated multianalyzer (Modular; Roche Diagnostics). Plasma renin concentration was measured using a two-site immunoradiometric assay (Beckman Coulter; Immunotech, Prague, Czech Republic). PTH concentrations were assessed with the Roche Cobas Electrochemoluminescent Immunometric Assay (Roche Diagnostics); 25(OH)D levels were determined by liquid chromatography tandem mass spectrometry. Carboxy-terminal FGF-23 was determined in duplicate using a human FGF-23 ELISA (Immutopics, San Clemente, CA).
Dietary sodium intake was assessed from urinary sodium excretion in 24-hour urine samples. Creatinine clearance was calculated from creatinine concentrations in plasma and 24-hour urine collections, and eGFR was calculated using the creatinine-based Chronic Kidney Disease Epidemiology Collaboration formula. 46 Serum calcium was adjusted for hypoalbuminemia as follows: corrected calcium = serum calcium (millimoles per liter) +0.0233(402 serum albumin [grams per liter]) if serum albumin is ,35 g/L. Peripheral pitting edema was assessed at the pretibia area of both legs by visual and manual examination and scored dichotomously (absent or present).
Statistical Analyses
On the basis of data from a previous study, 8 a sample size of 39 patients was calculated to detect a difference of 23% in albuminuria (log Dalbuminuria of 20.26) between high sodium + placebo and LS + paricalcitol with 90% power, considering an SD of 0.5 for the log Dalbuminuria. 45 Assuming a dropout rate of 15%, we aimed to include 45 patients. The sample size calculation took into account that each patient serves as his/her own internal control, increasing statistical power.
Data are presented as mean6SD in case of normally distributed data, geometric mean (95% CI) for non-normally distributed data, and number (percentage) for nominal data unless stated otherwise. The relative change in albuminuria between study periods is presented as median (interquartile range). Variable distribution was tested with histograms and probability plots. P values for differences between the four treatment sequences were assessed with ANOVA for normally distributed continuous data, the Kruskal-Wallis test for non-normally distributed data, and the chi-squared test for nominal data. Data at the end of the run-in period were considered baseline values. To determine the effect of treatment, we used linear mixed effect models for repeated measurements using the unstructured covariance structure with random intercept and center, treatment, and sequence as well as their interaction (treatment 3 sequence) as fixed factors. Non-normally distributed variables were 2 log transformed before entering the model. Linear mixed model analysis was used to investigate possible carryover effects: nonsignificant (P.0.05) effects of sequence and treatment 3 sequence were interpreted as indicating that carryover effects were absent.
To investigate a possible interaction between the interventions on the primary end point, we also analyzed the primary outcome (2 logtransformed albuminuria) by linear mixed effect models for repeated measurements using the unstructured covariance structure with random intercept and center, period, sequence, medication (placebo or paricalcitol), and diet (normal sodium or LS diet) as well as their interaction (medication 3 diet) as fixed factors.
For the primary analysis, all available data from all 45 patients were included (intention-to-treat analysis). As a per-protocol analysis, we reanalyzed the primary end point in a study population restricted to those participants with $95% compliance with the study medication (assessed by counting the returned paricalcitol capsules) for each treatment period. There were 31-34 participants available for this analysis. To account for missing data, we report the estimated (geometric) means obtained from the linear mixed modeling for this analysis. In another secondary analysis, we addressed the compliance with the dietary sodium restriction by adding 24-hour urinary Na + excretion (as a continuous variable) to the linear mixed model analysis.
A two-tailed P,0.05 was considered to indicate statistical significance. Statistical analyses were performed using SPSS 22.0 for Windows (IBM SPSS, Chicago, IL) and GraphPad Prism version 5.00 for Windows (GraphPad Software, San Diego, CA).
